This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



■ PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 1 1 -293365 

(43)Date of publication of application : 26.10.1999 



Mnt.CL C22C 9/00 

C22F 1/08 

H01B 5/02 

H01B 13/00 

// C22F 1/00 

C22F 1/00 

C22F 1/00 

C22F 1/00 

C22F 1/00 

C22F 1/00 

C22F 1/00 



)Application number : 10-096512 (71)Applicant : FURUKAWA ELECTRIC CO LTDrTHE 

)Date of filing : 09.04.1998 (72)lnventor : YAMAZAKI AKIRA 

FUJIWARA HIDEMICHI 
ANDO MASAYUKI 



) SUPER-FINE CONDUCTOR FOR WINDING, AND ITS MANUFACTURE 

)Abstract: 

DBLEM TO BE SOLVED: To provide a conductor excellent in electric conductivity, tensile strength, 
^ability and coilability by containing foreign matters of specified diameters in a super-fine conductor 
taining Ag of a specified ratio, and the balance Cu with inevitable impurities. 

LUTION: Ag of 1-4.5 wt.% is contained, and the diameter d (jam) of foreign matters is expressed by the 
nula d=0.63D+0.13, where D is the diameter (jim) of a super-fine conductor. In a manufacturing method 
he super-fine conductor in which a copper alloy cast ingot preferably containing 1-4.5% Ag and the 
ance Cu with inevitable impurities is cold rolled, the cast ingot is cold rolled with the working ratio of > 
997% so that the dendrite arm space of the casting structure is <15 urn, and Ag crystal is uniformly 
versed with the diameter of <15 p.m, or annealed at the temperature below the re- crystallization 
iperature during the cold rolling. The total working ratio can be increased to provide a super-fine 
iductor and to increase the size of a stock material. 
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lis document has been translated by computer.So the translation may not reflect the original precisely. 
* ** shows the word which can not be translated, 
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.IMS 



im(s)] 

im 1] the remainder consists of Cu and an unescapable impurity, including Ag one to 4.5% of the weight (it is 
after written as %) — super-thin — a conductor — it is — the above — super-thin — a conductor — the object for coils 
acterized by the path of the foreign matter contained inside being below dmum — super-thin — a conductor 
fever, d=0.63D+0.13 (the inside of a formula and D are super-thin path mum of a conductor) 
im 2] cold working is performed to the copper alloy ingot which the remainder becomes from Cu and an 
capable impurity, including Ag one to 4.5% — super-thin — the object for coils according to claim 1 to which it is 
nanufacture method of a conductor and 15 micrometers or less and Ag crystallization object are characterized by 
he aforementioned ingot distributing uniformly [ the dendrite arm space of a cast structure ] in a diameter 15 
ometers or less, and performing the aforementioned cold working by 99.997% or more of working ratio — super- 
— the manufacture method of a conductor 

im 3] cold working is performed to the copper alloy ingot which the remainder becomes from Cu and an 
;capable impurity, including Ag one to 4.5% — super-thin — the manufacture method of a conductor — it is — the 
ementioned ingot — the dendrite arm space of a cast structure — 15 micrometers or less and Ag crystallization 
ct — a diameter 15 micrometers or less — uniform — distributing — the aforementioned cold working — on the way - 
5 object for coils according to claim 1 characterized by being alike and annealing at the temperature of under a 
ystallizing temperature — super-thin — the manufacture method of 



nslation done.] 
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r AILED DESCRIPTION 



tailed Description of the Invention] 

e technical field to which invention belongs] the object for coils which this invention is used for the coil of 
;tronic equipment carried in the back light transformer of the vibrating motor for the stepping motor for clocks, the 
jnetic head of an audio video or a voice coil, a cellular phone, or pocket bells, various micro relays, a personal 
lputer, or television or a flyback transformer, and an automobile, and is excellent in conductivity, a mechanical 
perty, wire drawing nature, coil nature, etc. - super-thin - it is related with a conductor and its manufacture method 

D2] 

scription of the Prior Art] the object for coils — super-thin - a conductor is orthopedically operated by the magnetic 
after enamel covering etc. Although the tough pitch copper (TPC), the oxygen free copper (OFC), etc. are used for 
material, it is easy to disconnect these material in wire drawing or coil processing for low strength. If an open 
:uit arises, a continuous wire drawing machine will be stopped, an open-circuit portion will be removed, the time 
effort of setting a wire rod to a dice and setting through and a dice to a wire drawing machine is required, and 
ductivity is injured. Moreover, if an open circuit arises, the defective by the shortage of a unit length will increase, 
reover, if wire drawing is performed through day and night and it disconnects at the night of a perfect non-human 
ly system, a wire drawing machine will stop till the next morning, and productivity will fall sharply. Therefore, the 
Jity conductor which is excellent in the wire drawing nature in which a continuation wire drawing is possible for 24 
irs is demanded, a miniaturization and lightweight-izing of recent years and electronic equipment — following - 20 
urometers or less - super-thin - although a conductor came to be required, incidentally, the amount of wire 
wings when carrying out the continuation wire drawing of the conductor of the diameter of 20 micrometer the speed 
400m/for 24 hours is 1610g, and when the safety factor is taken to 10%, the wire drawing nature of 1800 g/Br is 
:ded furthermore, a path is about 20 micrometers — super-thin - since a conductor fractures by the tension of several 
5, it disconnects by delicate change of a backward tension in an automatic winding machine In a manual winding 
chine, operation takes skill and there is a problem that it is inferior to productivity again. 

t03] the object for coils since it is such - super-thin - the Cu-Ag system alloy which is excellent in intensity and 
lductivity as a conductor - a close-up of a conductor was taken and the proposal of the following ** - ** was made 
il now However, in order that all may multiple-times need elevated-temperature annealing, including expensive Ag 
much, there is a problem in respect of cost and productivity, namely, the object for coils which prevented the open 
cuit by the lubrication action of Ag which carries out pickling removal of the copper alternatively from the wire rod 
nt face of the copper alloy which contains **Ag 5 to 15%, raises surface Ag concentration, performs repair of a 
face blemish, and covering of a foreign matter by Enrichment Ag, and is further rich in ductility - super-thin - a 
nductor (JP,7-96321,A) ** the object for high magnetic field generating for magnets which made the copper alloy 
rich contains Ag 15 to 30% the cylindrical ingot of a minor diameter by the continuous casting process, and skipped 
: process of hot forging and facing - a conductor (JP,6-93398,A, JP,6-93399,A, JP,6- 103809, A) ** The path which 
j copper alloy ingot which contains Ag 15 to 30% was processed at 95% or more of working ratio, and it annealed 
ath ], it cold-worked [ path ] at the temperature more than a recrystallizing temperature after that, and recovered 
)ngation and conductivity is the conductor (JP,6-93398,A) of 0.1 or more mm. ** The conductor about [ of having 
t in annealing at the temperature more than a recrystallizing temperature, having cold-worked the copper alloy ingot 
lich contains Ag 15 to 30%, and having recovered conductivity ] the diameter of 0.9mm (JP,6-93399,A). ** The 
nductor of the diameter of 0. 1mm which processed the copper alloy ingot which contains Ag 15 to 30% by 95% or 
Dre of working ratio, and annealed and cold-worked at the temperature more than a recrystallizing temperature after 
it (JP,6-103809,A). ** the metal mold of the copper alloy which contains Ag two to 2.8% - the object for the 
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larine cables of the diarpeter of 0.65mm which solution treatment of the ingot was carried out, the multiple-times 
of the aging treatment was carried out to wire drawing after that, and intensity was raised, and omitted the 
•orcement iron braid of a cable - a conductor (JP,48-44798,A) 
4] 

blem(s) to be Solved by the Invention] Then, this invention person etc. inquired wholeheartedly about application 
e coil of the copper alloy containing Ag, clarified the addition of Ag suitable for wire drawing nature and coil 
re, advances research about the tolerance limit of the cast structure which is further excellent in wire drawing 
re and coil nature, and foreign matter size etc., and came to complete this invention, the object for coils this 
ntion excels [ object ] in conductivity, tensile strength, wire drawing nature, coil nature, etc. — super-thin — it aims 
Ter of a conductor and its manufacture method 
►5] 

ans for Solving the Problem] as for invention according to claim 1, the remainder consists of Cu and an 
^capable impurity, including Ag one to 4.5% of the weight (it is hereafter written as %) - super-thin - a conductor 
is — the above — super-thin — a conductor - the object for coils characterized by the path of the foreign matter 
ained inside being below dmum — super-thin — it is a conductor However, d=0.63D+0.13 (the inside of a formula 
D are super-thin path mum of a conductor) 

>6] It is the manufacture method of a conductor, invention according to claim 2 performs cold working to the 
3er alloy ingot which the remainder becomes from Cu and an unescapable impurity, including Ag one to 4.5% — 
sr-thin — the aforementioned ingot the object for coils according to claim 1 to which the dendrite arm space of a 
structure is characterized by for 15 micrometers or less and Ag crystallization object distributing uniformly with a 
neter 15 micrometers or less, and performing the aforementioned cold working by 99.997% or more of working 
> — super-thin — it is the manufacture method of a conductor 

)7] It is the manufacture method of a conductor, invention according to claim 3 performs cold working to the 
Der alloy ingot which the remainder becomes from Cu and an unescapable impurity, including Ag one to 4.5% - 
jr-thin - the aforementioned ingot the dendrite arm space of a cast structure — 15 micrometers or less and Ag 
tallization object — a diameter 15 micrometers or less — uniform — distributing — the aforementioned cold working 
i the way — the object for coils according to claim 1 characterized by being alike and annealing at the temperature 
nder a recrystallizing temperature — super-thin — it is the manufacture method of a conductor 
)8] 

ibodiments of the Invention] as for this invention, the remainder consists of Cu and an unescapable impurity, 
uding Ag one to 4.5% — super-thin — a conductor — the path of the foreign matter contained inside was specified 
>w to dmum, and wire drawing nature and coil nature were raised — super-thin — it is a conductor However, 
.63D+0.13 (the inside of a formula and D are super-thin path mum of a conductor) 

lis invention, Ag of an alloy element is super-thin, without distributing in the shape of a staple fiber, and reducing 
ductivity not much — the intensity of a conductor is raised, with wire drawing nature and coil nature are improved 
ess than 1%, the reason for specifying the content of Ag to 1 - 4.5% is because material cost becomes high, in 
ductivity's falling, if it is not fully improved but the aforementioned wire drawing nature and coil nature exceed 
Vo. 1 .5 - 4% of especially the content of Ag is desirable. 

09] The convention of the aforementioned diameter of a foreign matter was made based on the next experiment, 
nely, by being made from the rough drawing wire (diameter of 8mm) of the Cu-2%Ag alloy manufactured by the 
ft formula continuous casting machine, wire drawing of this was carried out to the conductor of the diameter of 100- 
micrometer, and the size of the foreign matter which remains in the fracture surface of the conductor disconnected at 
t time was measured with the scanning electron microscope (SEM). The path of a foreign matter is 13 micrometers 
nore in the conductor of 63 micrometers or more and the diameter of 20 micrometer at the conductor of the diameter 
100 micrometer, and and the diameter d of permission of the foreign matter in the conductor of Path D it is shown in 
wing 1 — as — d=0.63D+0. 13 being expressed with (1) formula — clear — carrying out — this - based on (1) 
mula, for example, the diameter of 20 micrometer is super-thin - in order to have carried out the wire drawing of the 
iductor by no disconnecting, it found out that what is necessary was just to set the diameter of a foreign matter to 12 
urometers or less By another experiment, when made from the extruded material of a large-sized ingot, the same 
ult was obtained. Moreover, it was checked that the relation between an open circuit and the diameter of a foreign 
tter etc. is the same also in a tough pitch copper (TPC) or an oxygen free copper (OFC). the above super-thin in the 
ition of (1) formula - the ratio of the cross section T of a conductor, and the cross section t of a foreign matter - it 
nes to be shown in drawing 2 and super-thin, when expressed with a relation with wire drawing nature (the amount 
wire drawings until it results in an open circuit) t/T — the area ratio (a foreign matter space factor is called hereafter) 
the foreign matter occupied to a conductor is super-thin — a conductor - when it is about 40% and a foreign matter 
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space.factor exceeds 40% regardless of 

[0010] When the aforementioned foreign matter was identified by the X-ray microanalyser (EPMA), they were mainly 
nonmetallic inclusions, such as oxide particles, such as aluminum 203, Sn02, and CuO, and a carbide (SiC) particle. 
The aforementioned foreign matter is mixed from the alumina system or silica system refractory material which 
constitutes ** which connects the fusion furnace which mainly serves as a path until it results [ from the dissolution ot 
a copper alloy molten metal ] in casting, a holding furnace, tundish, and these. In this invention, a foreign matter point 
out the aforementioned nonmetallic inclusion which influences an open circuit. In addition, although metal inclusion, 
such as Fe, Cr, and nickel, may mix from a processing fixture etc., these cannot cause easily an open circuit by most o 
the small thing whose path is about several micrometers. In the case of a flat-like foreign matter, in this invention, the 
shape of the shape of flat and an ellipse and the spherical of the configuration of a foreign matter are most, and in the 
case of the average of the maximum width and a total length over coupling faces, and an ellipse-like foreign matter, it 
is made as the average of a minor axis and a major axis, and the path of these foreign matters makes it an overall 
diameter, when spherical. 

[001 1] Although, as for the conductor which processed the ingot (material) cast in the large-sized facility, foreign 
matter open circuits occur frequently from per diameter of 100 micrometer, the ingot (material) which cast by 
performing the usual maintenance is processible by no disconnecting to the diameter of 30 micrometer using a small 
horizontal-type continuous casting facility, however, a path is [ around 20 micrometers ] super-thin - in order to carry 
out the wire drawing of the conductor by no disconnecting, for that, a foreign matter keeps calm not only the usual 
maintenance but a molten metal for a long time by carrying out to below the diameter of 10 micrometer desirably 
below the diameter of 12 micrometer, a heavy foreign matter is made to sediment to a blast furnace bottom, a light 
foreign matter surfaces the surface of hot water, and the special molten metal treatment of casting a molten metal with 
few foreign matters of an interstitial segment is needed If it does in this way, wire drawing will become possible to th< 
diameter grade of 17 micrometer. Since invention of a claim 2 and three publications does not perform hot working or 
elevated-temperature annealing, there are few opportunities for the scale to mix as a foreign matter. 
[0012] the object for coils to which the dendrite arm space (DAS) of a cast structure cold-works invention according t 
claim 2 at 99.997% or more of working ratio using the ingot which 15 micrometers or less and Ag crystallization obje 
distributed uniformly with the diameter 15 micrometers or less — super-thin — it is the manufacture method of a 
conductor the reason DAS specifies the aforementioned ingot to the cast structure distributed uniformly [ 1 5 
micrometers or less and Ag crystallization object ] in a diameter 15 micrometers or less — the cold-working nature of 
an ingot — improving — moreover, a conductor — it is for a surface concavo-convex defect to decrease and for pre- 
insulation nature to improve it is fUlly destroyed and the reason for specifying the working ratio of cold working to 
99.997% or more has a super-thin cast structure - Ag crystallization object distributed in an ingot is minutely 
distributed in the shape of a staple fiber - the increase of the ductility of a conductor - coiling - a sex - it is for 
improving 

[0013] DAS becomes smaller [ a small ingot with a larger cooling rate ] depending on the cooling rate at the time of 
molten-metal solidification. That is, as shown in drawing 3 , DAS is a vertical-mold continuous casting ingot. 
(200mmphi) SCR ingot (100x50mm) Small horizontal-type continuous casting machine ingot A (lOmmphi) It becom 
small in order. When the size of an ingot is the same, DAS is dependent on the temperature gradient of mold. That is, 
the case of the ingot of a small horizontal -type continuous casting machine, DAS of the ingot A which set [ cm ] up tl 
temperature gradient of mold in 50 degrees C /is as large as 18 micrometers or more, and DAS of the ingot B which s 
[ cm ] up the temperature gradient of mold in 100 degrees C /is small at 15 micrometers or less. That is, DAS can 
obtain the ingot of the cast structure which 15 micrometers or less and Ag crystallization object distributed uniformly 
with the diameter 15 micrometers or less by enlarging the temperature gradient of mold and casting it using small 
mold. 

[0014] cold working [ in / invention according to claim 2 / in invention according to claim 3 ] - on the way — the 
object for coils which was alike, put in annealing at the temperature of under a recrystallizing temperature, and raised 
total working ratio — super-thin — it is the manufacture method of a conductor The effect by the aforementioned 
annealing is concretely explained with reference to drawing 4 below. In drawing 4 , Curve a is the work-hardening 
property of the copper alloy cylindrical ingot of the diameter of 15mm which contains Ag 3%. Ductility falls and wir 
drawing becomes impossible while processing distortion epsilon shows the maximum intensity and carries out work 
softening of the curve a after that by 12. epsilon becomes a working limit by 13 (22 micrometers of wire sizes, 
99.99978% of working ratio). 

[0015] Curve b is a work-hardening property when epsilon anneals the material of Curve a at low temperature 
comparatively by the I point of 8.71 . The maximum intensity of Curve b is of the same grade as the maximum intens 
of Curve a, and epsilon at that time (epsilon 1) is increasing to 15 (5 micrometers of wire sizes, 99.999988% of 
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ing ratio). The aforemesitioned annealing was performed by passing the inside of the annealing furnace with a 
h of 2m which made the interior 700-degree C inert gas atmosphere between ** the speed for 200m/. the tensile 
gth after annealing - 985N/mm2 it is - this intensity is intensity by which epsilon (epsilon 2) of Curve a is 
'alent to 6, and a distortion elimination. factor is 31%= [(epsilon l-epsilon2 )/epsilonl xlOO] The aforementioned 
.e-strength 985N/mm2 When it applies to the static annealing softening property of drawing 5 , annealing between 
** is equivalent to static annealing of 300 degree-Cx 1 hour, and is under a recrystallizing temperature. In 
ion, processing distortion epsilon of the material of Curve a of aforementioned drawing 5 is the static annealing 
ning property of the I point (wire-size 193micrometer, 99.98% of working ratio, tensile strength 1070N/mm2) of 
Thus, by putting in annealing at the temperature of under a recrystallizing temperature in the middle of cold 
ing, high intensity can be maintained and total working ratio can be raised. Therefore, a more nearly super-thin 
uctor is obtained, or the diameter of a material (ingot) can be enlarged, and productivity improves, the conductor 
h puts in annealing - size (path) ~ the wire drawing to the diameter of a target after annealing - a conductor - it 
sirable to select so that intensity may turn into the highest intensity in front of a working limit Since the 
mentioned annealing is performed at the low temperature of under a recrystallizing temperature, it is advantageous 
ergy. You may perform the aforementioned annealing repeatedly two or more times. Moreover, the direction 
>rmed with in-line is excellent in productivity rather than it carries out with outline. An effect with the same said of 
i annealing is acquired. 

6] Curve c is a work-hardening property when epsilon (epsilon 1) anneals the material of Curve a at an elevated 
erature (temperature more than a recrystallizing temperature) comparatively by the I point of 8.71. For the material 
jrve c, epsilon is 16.5 (4 micrometers of wire sizes, 99.999993% of working ratio). It has disconnected and the 
cing strength is quite [ material / of Curves a and b ] a low. The material of this curve c has [ that it is easy to 
>nnect intensity with an automatic winding machine for a low reason ] bad coiling nature. Although wire drawing 
e material of this curve c was carried out several times using various wire drawing machines, each disconnected it 
re and after 4 micrometers. That is, 4 micrometers is a wire drawing limitation. Whatever the material, the 
>uctor of a wire drawing limitation should avoid use. Annealing of the material of Curve c was performed by 
ing the inside of the annealing furnace with a length of 2m which made the interior 1000-degree C inert gas 
>sphere between ** the speed for 150m/. the tensile strength after annealing -- 420N/mm2 it is - this intensity is 
ntensity by which epsilon (epsilon 2) of Curve a is equivalent to 0.1, and a distortion elimination factor is 99%= 
;ilonl-epsilon2 )/epsilonl xlOO] The aforementioned tensile strength 420N/mm2 When it applies to drawing 5 , 
:aling between ****** is equivalent to static annealing of 500 degree-Cx 1 hour. It was checked that 
^ stallization is completed by microstructure observation. 

imple] An example explains this invention in detail below. 

imple 1) various carries out amount combination of Ag within this invention convention at electrolytic copper, this 
goted with a graphite crucible, it casts in metal mold to the ingot of the diameter of 10mm, and the diameter of 20 
ometer is super-thin in this ingot - wire drawing (99.9996% of working ratio) was carried out to the conductor it 
obtained - each - super-thin - the relation of tensile strength (TS), conductivity (EC), wire drawing nature, coil 
re, and wire drawing nature and coil nature was investigated about the conductor similarly super-thin [ about the 
Ag alloy and oxygen free copper of composition this invention convention outside ] because of comparison — the 
ductor was manufactured and the same investigation was conducted A result is shown in the dra win g 6 (b) - a (e). 
relation between tensile strength and Ag content was shown in the drawing 6 (b). The example article of this 
mtion which contains Ag 1 to 4.5% is 2 940-1 150Ns/mm. It turns out that it is high intensity. As for tensile 
figth, Ag falls rapidly at less than 1%. The relation between conductivity and Ag content was shown in the drawing 
). It turns out that the example article of this invention which contains Ag 1 to 4.5% has the high conductivity of 
:S 88.5 to 81.5%. If Ag exceeds 4.5%, conductivity will fall under to a specification value (81.5%). The relation 
veen the wire drawing nature (the amount of wire drawings per one open circuit) when carrying out a wire drawing 
le drawing 6 (**) from 25 micrometers at 20 micrometers and Ag content was shown. It turns out that the example 
:le of this invention which contains Ag 1 to 4.5% has the high wire drawing nature of 1800 - 2500 g/Br. at less than 
, the diameter of Ag of 20 micrometer is super-thin - the wire drawing nature of 1800 g/Br required for the 24-hour 
tinuation wire drawing of a conductor is not guaranteed The rapid fall of wire drawing nature whose Ag the 
>rovement in the wire drawing nature in 1 - 3% is an effect by alloying, and exceeds 4.5% is based on the 
earance of an eutectic structure. The relation between coil nature and Ag content was shown in the drawing 6 (d). 
diameter of 20 micrometer of coil nature which carried out enamel covering is super-thin - it expressed with the 
nber of times of an open circuit when carrying out coiling of the conductor with a manual winding machine or an 
Dirtatic winding machine, and producing the 100 magnetic heads There is [ in an automatic winding machine / in a 
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ual winding macjiine ] all little number of times of an open circuit of the example of this invention which contains 
I to 4.5% 4 or less times at 1 or less time. Especially desirable Ag content seen from coil nature is 1.5 - 4%. They 
vire drawing nature (the amount of wire drawings per one open circuit), and coil nature (number of times of an 
l circuit under 100 coil production) to the drawing 6 (**). The relation was shown. The conductor which is 
illent in wire drawing nature is excellent also in coil nature, this invention which consists of the drawing 6 (b) - a 
o a Cu-1 - 4.5%Ag alloy is super-thin — a conductor — the high conductivity more than 80%IACS - it is - 950- 
DN/mm2 It has high intensity and it turns out that it moreover excels in wire drawiftg nature and coil nature. 
.8] (Example 2) wire drawing of the four following sorts of materials (Cu-2%Ag alloy) is carried out, and the 
leter of 25 micrometer is super-thin — it considered as the conductor, the continuation wire drawing of this was 
ied out the speed for 400m/(67 g/hr) to the diameter of 20 micrometer, and total wire drawing time until it results in 
pen circuit was investigated Moreover, the path of the foreign matter extracted in the foreign matter or acid 
tion process which remained in the fracture surface was measured by .SEM observation. Both relation is shown in 
ring 7 . The continuation wire drawing of the three every bobbins each of the total wire drawing time was carried 
and it measured continuation wire drawing time until the 1st open circuit occurs for every bobbin, and made the 
total total wire drawing time. For example, total wire drawing time when the 1st bobbin is disconnected 5 hours 
r, the 2nd bobbin is disconnected 3 hours after and the 3rd bobbin is disconnected 4 hours after was made into 12 
rs. Since the wire drawing time of one bobbin (the 2500g of the maximum ****) is 37 hours, the greatest total wire 
ving time is 1 1 1 hours, moreover, the aforementioned acid solution process is super-thin — it is the method of 
pling lOOg of conductors each from each five per one bobbin, and melting, filtering and extracting this in an acid A 
srial is the following four sorts. ** the rough drawing wire of 8mmphi manufactured by the SCR method, the 
uded material of lOmmphi manufactured by ** vertical -mold continuous casting and the extrusion method, and ** - 
3 ingot of lOmmphi usually cast using the small horizontal-type continuous casting equipment of a maintenance, 
** — the ingot (example of this invention) of lOmmphi which cast the molten metal which removed the foreign 
ter enough using small horizontal-type continuous casting equipment in the special molten metal treatment From 
ving 7 , total wire drawing time becomes so long that a foreign matter is small, ** material 10 micrometers or less 
the longest diameter of a foreign matter, and, as for ** to which the diameter of a foreign matter exceeds 10 
rometers - ** material, wire drawing nature is short sharply. Although the aforementioned example explained the 
2%Ag alloy, this invention is applied to a Cu-1 - 4.5%Ag alloy, and the same effect is acquired. 
19] it rolled round in the bobbin (the diameter of 20 micrometer, the 2500g of the maximum ****) of the 
ementioned ** — super-thin — although coiling of the conductor (Cu-2%Ag alloy) was carried out with the 
>matic winding machine, the open circuit did not occur at all 

20] it rolled round in the bobbin (the diameter of 20 micrometer, the 2500g of the maximum ****) of the 
ementioned ** — super-thin — the continuation wire drawing of the conductor was carried out to the diameter of 17 
*e micrometer, the foreign matter was extracted by the acid solution process like the above-mentioned from the 
ed-round bobbin, and the diameter of a foreign matter was measured by SEM observation Each diameter of a 
iign matter was 10 micrometers or less. 

21] (Example 3) 2% or the copper alloy included 4% is ingoted for Ag, and a foreign matter is sedimented or risen 
urface — making — the molten metal of an interstitial segment — small horizontal -type continuous casting 
ipment — the ingot of the diameter of 10mm — continuous casting — carrying out — this — 50-15 micrometers — 
er-thin — wire drawing was carried out to the conductor The temperature gradient of the mold in the aforementioned 
tinuous casting was carried out [ cm ] in 100 degrees C A The cast structure of the aforementioned ingot is detailed, 
S and Ag crystallization object are 15 micrometers or less, and Ag crystallization object was distributed uniformly, 
ingot which carried out [ cm ] the temperature gradient of mold in 50 degrees C /or less, and carried out continuous 
ting for comparison — the same — 50-15 micrometers — super-thin — wire drawing was carried out to the conductor 
s ingot had the comparatively coarse cast structure, and DAS and Ag crystallization object are 18 micrometers or 
re, and were distributing Ag crystallization object unevenly, it was obtained — each — super-thin — wire drawing 
are (g/Br), tensile strength (TS), and conductivity (EC) were investigated about the conductor A result is shown in 
>le 1. In addition, wire drawing nature is a value when carrying out a continuation wire drawing to 190->50 
urometers, 50->32 micrometers, 32->25 micrometers, 25->20 micrometers, and 20->15 micrometers, respectively. 
22] 
ble 1] 
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mm** 


x Ctt-2XAg 
15^DAS.Agftffi« 


y Co-4XAg 
15^DAS,AgStH* 


z Cu-2XAg 
18^DAS, 


a 




TS/EC 


mm 


TS/EC 


) 


99.99750 


>5000 


1045/85. 10 


>5000 


1095/82. 35 


4706 


I 


99.99897 


>5000 


1075/85. 06 


>5000 


1125/82.27 


4451 


5 


99.99937 


3510 


1090/85. 00 


3360 


1140/82.15 


1890 


) 


99. 99960 


2450 


1095/84. 96 


2347 


1150/82.11 


730 


5 


99.99977 


2275 


1105/84.85 


2153 


1155/81.95 


410 



e) Wire drawing nature g/Br, TS(tensile strength)N/mm2, EC(conductivity) %IACS. 
3] the cast structure was obtained from the detailed ingot so that more clearly than Table 1 — super-thin — 
iuctor x and y were obtained from the ingot with the aforementioned comparatively coarse cast structure — super- 
— a conductor — wire drawing nature was superior to z In addition, the main causes that the wire drawing nature of 
>ad at 25 micrometers or less are because casting conditions' being unsuitable and the external quality of a wire rod 
: bad. Although Ag was explained about 2% or the copper alloy included 4% above, also in Ag alloy, the same 
;t is acquired Cu-1 to 4.5%. 

4] (Example 4) the Cu-2%Ag alloy of the diameter of 20 micrometer manufactured in the example 3 — the enamel 

covered to Conductor x and z and the high-pressure uniformity test estimated the insulating property A high- 

jure uniformity test is an examination which impresses voltage between the enameled wire it runs, and an electrode 

and detects the poor insulation of an enameled wire by generating of a spark. The test condition was set to a part 
ravel -speed/of 5m of an enameled wire, and applied-voltage 500V. The examination number made the enameled 

with a length of 30m 30. The insulating property was expressed with the average spark occurrences per one. A 
It is shown in Table 2. 
5] 

•le 2] 





6 Mm 


5 Aim 


4 Mm 


3 um 


2 urn 




1(7>X 


0 


0 


0 


0 


0. 1 




l<Dz 


0 


0. 0 3 


0. 1 


0. 7 


1. 4 





te) For *DAS and Ag crystallization object, 15 micrometers or less and Ag crystallization object are uniform 
nbution. 

DAS and Ag crystallization object, 18 micrometers or more and Ag crystallization object are uneven distribution. 
16] super-thin — insulating effect with Conductor x sufficient by the patent leather film thickness of 3 micrometers 
acquired since this is a cast structure with the used detailed ingot — a conductor — it is because the surface 
cavo-convex defect decreased super-thin — a conductor — since the used ingot was a comparatively coarse cast 
cture, z needed the patent leather film thickness of 6 micrometers or more to acquire sufficient insulating effect 
17] the above — super-thin — it carried out 100 each at a time coiling of Conductor x and the enamel covered wire of 
the magnetic head for floppy disks with the automatic winding machine, and the number of times of an open circuit 
mt time was investigated A result is shown in Table 3. 
28] 
ble 3] 
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0 




&l(Dz 
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2 





(Note) For *DAS and Ag crystallization object, 15 micrometers or less and Ag crystallization object are uniform 
distribution. 

For DAS and Ag crystallization object, 18 micrometers or more and Ag crystallization object are uneven distributor 
[0029] super-thin so that more clearly than Table 3 — although Conductor x was not disconnected, it is super-thin - ; 
conductor — the open circuit generated z in part DAS and Ag crystallization object are large and it is [ the distributio 
of Ag crystallization object of this is uneven, and ] super-thin again - it is because the ductility of a conductor ran sh 

[0030] (Example 5) the work-hardening curve b of the copper alloy cylindrical ingot of the diameter of 15mm which 
contains Ag shown in drawing 4 3%, and the work-hardening curve c (example of comparison) are super-thin - the 
tensile strength (TS) of a conductor (37-8.3 micrometers) was investigated moreover — each — super-thin — the enan 
was covered to the conductor at 3-micrometer thickness, and the number of times of an open circuit when carrying o 
coiling of this enamel covered wire with an automatic winding machine was investigated A result is shown in Table 
[0031] 
[Table 4] 



lira 


3 7 


2 2 


1 4 


8. 3 




1 2. 0 


13.0 


14. 0 


15.0 




99.999391 


99.999784 


99. 999912 


99. 999969 


TS 
H/o 2 




10 8 0 


1115 


114 0 


115 0 




8 7 5 


9 3 0 


9 84 


10 10 






0 


0 


0 


0 




1 


2 


2 


3 



[0032] the example of this invention is super-thin so that more clearly than Table 4 — the example of comparison of 
conductor (curve b) is super-thin — a conductor (curve c) — tensile strength — which conductor — also in the path, it 
was high the example of comparison is super-thin — since tensile strength of a conductor was low, the open circuit 
produced it at the time of coiling in an automatic winding machine Although the copper alloy which contains Ag 3°/ 
above was explained, the same effect is acquired even if it applies to the other Cu-1 - 4.5%Ag alloy. 
[0033] 

[Effect of the Invention] it stated above — as — the object for the coils of this invention — super-thin - a conductor 
consists silver of a copper alloy of optimum dose **** high intensity, and since the path of the foreign matter morec 
contained there is specified, it excels in wire drawing nature and coil nature the object for the coils of this invention 
super-thin — a conductor can be easily manufactured by cold-working the ingot which specified crystallization **** 
DAS and Ag of a cast structure etc. by 99.997% or more of working ratio By putting in annealing at the temperature 
under a recrystallizing temperature in the middle of the aforementioned cold working, total working ratio can be 
enlarged and super-thin-izing of a conductor or enlargement of a material can be attained. 
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:hnical field 

5 technical field to which invention belongs] the object for coils which this invention is used for the coil of 
tronic equipment carried in the back light transformer of the vibrating motor for the stepping motor for clocks, the 
;netic head of an audio video or a voice coil, a cellular phone, or pocket bells, various micro relays, a personal 
puter, or television or a flyback transformer, and an automobile, and is excellent in conductivity, a mechanical 
>erty, wire drawing nature, coil nature, etc. — super-thin — it is related with a conductor and its manufacture method 
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}R ART 



cription of the Prior Art] the object for coils — super-thin — a conductor is orthopedically operated by the magnetic 
after enamel covering etc. Although the tough pitch copper (TPC), the oxygen free copper (OFC), etc. are used for 
naterial, it is easy to disconnect these material in wire drawing or coil processing for low strength. If an open 
lit arises, a continuous wire drawing machine will be stopped, an open-circuit portion will be removed, the time 
effort of setting a wire rod to a dice and setting through and a dice to a wire drawing machine is required, and 
uctivity is injured. Moreover, if an open circuit arises, the defective by the shortage of a unit length will increase, 
eover, if wire drawing is performed through day and night and it disconnects at the night of a perfect non-human 
r system, a wire drawing machine will stop till the next morning, and productivity will fall sharply. Therefore, the 
ity conductor which is excellent in the wire drawing nature in which a continuation wire drawing is possible for 24 
s is demanded, a miniaturization and lightweight-izing of recent years and electronic equipment — following — 20 
ometers or less - super-thin - although a conductor came to be required, incidentally, the amount of wire 
zings when carrying out the continuation wire drawing of the conductor of the diameter of 20 micrometer the speed 
[OOm/for 24 hours is 1610g, and when the safety factor is taken to 10%, the wire drawing nature of 1800 g/Br is 
led furthermore, a path is about 20 micrometers - super-thin — since a conductor fractures by the tension of several 
it disconnects by delicate change of a backward tension in an automatic winding machine In a manual winding 
hine, operation takes skill and there is a problem that it is inferior to productivity again. 

13] the object for coils since it is such - super-thin — the Cu-Ag system alloy which is excellent in intensity and 
luctivity as a conductor — a close-up of a conductor was taken and the proposal of the following ** - ** was made 
I now However, in order that all may multiple-times need elevated-temperature annealing, including expensive Ag 
mch, there is a problem in respect of cost and productivity, namely, the object for coils which prevented the open 
ait by the lubrication action of Ag which carries out pickling removal of the copper alternatively from the wire rod 
t face of the copper alloy which contains **Ag 5 to 15%, raises surface Ag concentration, performs repair of a 
ace blemish, and covering of a foreign matter by Enrichment Ag, and is further rich in ductility — super-thin — a 
ductor (JP,7-96321,A) ** the object for high magnetic field generating for magnets which made the copper alloy 
ch contains Ag 15 to 30% the cylindrical ingot of a minor diameter by the continuous casting process, and skipped 
process of hot forging and facing - a conductor (JP,6-93398,A, JP,6-93399,A, JP,6-103809,A) ** The path which 
copper alloy ingot which contains Ag 15 to 30% was processed at 95% or more of working ratio, and it annealed 
th ], it cold-worked [ path ] at the temperature more than a recrystallizing temperature after that, and recovered 
igation and conductivity is the conductor (JP,6-93398,A) of 0.1 or more mm. ** The conductor about [ of having 
in annealing at the temperature more than a recrystallizing temperature, having cold-worked the copper alloy ingot 
ch contains Ag 15 to 30%, and having recovered conductivity ] the diameter of 0.9mm (JP,6-93399,A). ** The 
ductor of the diameter of 0. 1mm which processed the copper alloy ingot which contains Ag 15 to 30% by 95% or 
-e of working ratio, and annealed and cold-worked at the temperature more than a recrystallizing temperature after 
: (JP,6-103809,A). ** the metal mold of the copper alloy which contains Ag two to 2.8% - the object for the 
marine cables of the diameter of 0.65mm which solution treatment of the ingot was carried out, the multiple-times 
p of the aging treatment was carried out to wire drawing after that, and intensity was raised, and omitted the 
iforcement iron braid of a cable - a conductor (JP,48-44798,A) 
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ECT OF THE INVENTION 



set of the Invention] it stated above — as — the object for the coils of *his invention — super-thin — a conductor 
ists silver of a copper alloy of proper quantity **** high intensity, and since the path of the foreign matter 
x>ver contained there is specified, it excels in wire drawing nature and coil nature the object for the coils of this 
ntion — super-thin — a conductor can be easily manufactured by cold-working the ingot which specified 
:allization **** of DAS and Ag of a cast structure etc. by 99.997% or more of working ratio By putting in 
aling at the temperature of under a recrystallizing temperature in the middle of the aforementioned cold working, 
working ratio can be enlarged and super-thin-izing of a conductor or enlargement of a material can be attained. 
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HNICAL PROBLEM 

Dlem(s) to be Solved by the Invention] Then, this invention person etc. inquired wholeheartedly about application 
e coil of the copper alloy containing Ag, clarified the addition of Ag suitable for wire drawing nature and coil 
re, advances research about the tolerance limit of the cast structure which is further excellent in wire drawing 
re and coil nature, and foreign matter size etc., and came to complete this invention, the object for coils this 
ation excels [ object ] in conductivity, tensile strength, wire drawing nature, coil nature, etc. - super-thin — it aims 
fer of a conductor and its manufacture method 
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ins for Solving the Problem] as for invention according to claim 1, the remainder consists of Cu and an 
capable impurity, including Ag one to 4.5% of the weight (it is hereafter written as %) — super-thin — a conductor 
s — the above — super-thin — a conductor — the object for coils characterized by the path of the foreign matter 
lined inside being below dmum — super-thin — it is a conductor However, d=0.63D+0.13 (the inside of a formula 
D are super-thin path mum of a conductor) 

6] It is the manufacture method of a conductor, invention according to claim 2 performs cold working to the 
er alloy ingot which the remainder becomes from Cu and an unescapable impurity, including Ag one to 4.5% — 
r-thin — the aforementioned ingot the object for coils according to claim 1 to which the dendrite arm space of a 
structure is characterized by for 15 micrometers or less and Ag crystallization object distributing uniformly with a 
ieter 15 micrometers or less, and performing the aforementioned cold working by 99.997% or more of working 
— super-thin — it is the manufacture method of a conductor 

7] It is the manufacture method of a conductor, invention according to claim 3 performs cold working to the 
er alloy ingot which the remainder becomes from Cu and an unescapable impurity, including Ag one to 4.5% — 
r-thin — the aforementioned ingot the dendrite arm space of a cast structure — 15 micrometers or less and Ag 
allization object — a diameter 15 micrometers or less — uniform — distributing — the aforementioned cold working 
the way — the object for coils according to claim 1 characterized by being alike and annealing at the temperature 
ider a recrystallizing temperature — super-thin — it is the manufacture method of a conductor 
8] 

aodiments of the Invention] as for this invention, the remainder consists of Cu and an unescapable impurity, 
iding Ag one to 4.5% — super-thin — a conductor — the path of the foreign matter contained inside was specified 
w to dmum, and wire drawing nature and coil nature were raised — super-thin — it is a conductor However, 
63D+0.13 (the inside of a formula and D are super-thin path mum of a conductor) 

is invention, Ag of an alloy element is super-thin, without distributing in the shape of a staple fiber, and reducing 
luctivity not much — the intensity of a conductor is raised, with wire drawing nature and coil nature are improved 
jss than 1%, the reason for specifying the content of Ag to 1 - 4.5% is because material cost becomes high, in 
luctivity's falling, if it is not fully improved but the aforementioned wire drawing nature and coil nature exceed 
o. 1.5 - 4% of especially the content of Ag is desirable. 

>9] The convention of the aforementioned diameter of a foreign matter was made based on the next experiment, 
lely, by being made from the rough drawing wire (diameter of 8mm) of the Cu-2%Ag alloy manufactured by the 
: formula continuous casting machine, wire drawing of this was carried out to the conductor of the diameter of 1 00- 
licrometer, and the size of the foreign matter which remains in the fracture surface of the conductor disconnected at 
time was measured with the scanning electron microscope (SEM). The path of a foreign matter is 13 micrometers 
tore in the conductor of 63 micrometers or more and the diameter of 20 micrometer at the conductor of the diameter 
00 micrometer, and and the diameter d of permission of the foreign matter in the conductor of Path D it is shown in 
ring 1 — as — d=0.63D+0. 13 being expressed with (1) formula — clear — carrying out — this - based on (1) 
mla, for example, the diameter of 20 micrometer is super-thin — in order to have carried out the wire drawing of the 
iuctor by no disconnecting, it found out that what is necessary was just to set the diameter of a foreign matter to 1 2 
rometers or less By another experiment, when made from the extruded material of a large-sized ingot, the same 
It was obtained. Moreover, it was checked that the relation between an open circuit and the diameter of a foreign 
ter etc. is the same also in a tough pitch copper (TPC) or an oxygen free copper (OFC). the above super-thin in the 
lion of (1) formula — the ratio of the cross section T of a conductor, and the cross section t of a foreign matter — it 
ies to be shown in drawing 2 and super-thin, when expressed with a relation with wire drawing nature (the amount 
/ire drawings until it results in an open circuit) t/T — the area ratio (a foreign matter space factor is called hereafter) 
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le foreign matter occupied to a conductor is super-thin — a conductor — when it is about 40% and a foreign matter 
;e factor exceeds 40% regardless of 

.0] When the aforementioned foreign matter was identified by the X-ray microanalyser (EPMA), they were mainly 
metallic inclusions, such as oxide particles, such as aluminum 203, Sn02, and CuO, and a carbide (SiC) particle, 
aforementioned foreign matter is mixed from the alumina system or silica system refractory material which 
jtitutes ** which connects the fusion furnace which mainly serves as a path until it results [ from the dissolution of 
pper alloy molten metal ] in casting, a holding furnace, tundish, and these. In this invention, a foreign matter points 
the aforementioned nonmetallic inclusion which influences an open circuit. In addition, although metal inclusion, 
i as Fe, Cr, and nickel, may mix from a processing fixture etc., these cannot cause easily an open circuit by most of 
small thing whose path is about several micrometers. In the case of a flat-like foreign matter, in this invention, the 
>e of the shape of flat and an ellipse and the spherical of the configuration of a foreign matter are most, and in the 
' of the average of the maximum width and a total length over coupling faces, and an ellipse-like foreign matter, it 
ade as the average of a minor axis and a major axis, and the path of these foreign matters makes it an overall 
neter, when spherical. 

1 1] Although, as for the conductor which processed the ingot (material) cast in the large-sized facility, foreign 
ter open circuits occur frequently from per diameter of 100 micrometer, the ingot (material) which cast by 
brming the usual maintenance is processible by no disconnecting to the diameter of 30 micrometer using a small 
zontal-type continuous casting facility, however, a path is [ around 20 micrometers ] super-thin — in order to carry 
the wire drawing of the conductor by no disconnecting, for that, a foreign matter keeps calm not only the usual 
ntenance but a molten metal for a long time by carrying out to below the diameter of 10 micrometer desirably 
>w the diameter of 12 micrometer, a heavy foreign matter is made to sediment to a blast furnace bottom, a light 
ign matter surfaces the surface of hot water, and the special molten metal treatment of casting a molten metal with 
foreign matters of an interstitial segment is needed If it does in this way, wire drawing will become possible to the 
neter grade of 17 micrometer. Since invention of a claim 2 and three publications does not perform hot working or 
ated-temperature annealing, there are few opportunities for the scale to mix as a foreign matter. 
12] the object for coils to which the dendrite arm space (DAS) of a cast structure cold-works invention according to 
m 2 at 99.997% or more of working ratio using the ingot which 15 micrometers or less and Ag crystallization object 
ributed uniformly with the diameter 15 micrometers or less — super-thin — it is the manufacture method of a 
ductor the reason DAS specifies the aforementioned ingot to the cast structure distributed uniformly [ 15 
rometers or less and Ag crystallization object ] in a diameter 15 micrometers or less — the cold-working nature of 
ngot — improving — moreover, a conductor — it is for a surface concavo-convex defect to decrease and for pre- 
ilation nature to improve it is fully destroyed and the reason for specifying the working ratio of cold working to 
>97% or more has a super-thin cast structure — Ag crystallization object distributed in an ingot is minutely 
ributed in the shape of a staple fiber — the increase of the ductility of a conductor — coiling — a sex -- it is for 
roving 

13] DAS becomes smaller [ a small ingot with a larger cooling rate ] depending on the cooling rate at the time of 
ten-metal solidification. That is, as shown in drawing 3 , DAS is a vertical-mold continuous casting ingot. 
Dmmphi) SCR ingot (100x50mm) Small horizontal -type continuous casting machine ingot A (lOmmphi) It becomes 
ill in order. When the size of an ingot is the same, DAS is dependent on the temperature gradient of mold. That is, in 
case of the ingot of a small horizontal -type continuous casting machine, DAS of the ingot A which set [ cm ] up the 
perature gradient of mold in 50 degrees C /is as large as 18 micrometers or more, and DAS of the ingot B which set 
a ] up the temperature gradient of mold in 100 degrees C /is small at 15 micrometers or less. That is, DAS can 
ain the ingot of the cast structure which 15 micrometers or less and Ag crystallization object distributed uniformly 
h the diameter 15 micrometers or less by enlarging the temperature gradient of mold and casting it using small 
Id. 

14] cold working [ in / invention according to claim 2 / in invention according to claim 3 ] — on the way - the 
ect for coils which was alike, put in annealing at the temperature of under a recrystallizing temperature, and raised 
il working ratio — super-thin — it is the manufacture method of a conductor The effect by the aforementioned 
lealing is concretely explained with reference to drawing 4 below. In drawing 4 , Curve a is the work-hardening 
perty of the copper alloy cylindrical ingot of the diameter of 15mm which contains Ag 3%. Ductility falls and wire 
wing becomes impossible while processing distortion epsilon shows the maximum intensity and carries out work 
tening of the curve a after that by 12. epsilon becomes a working limit by 13 (22 micrometers of wire sizes, 
99978% of working ratio). 

15] Curve b is a work-hardening property when epsilon anneals the material of Curve a at low temperature 
nparatively by the I point of 8.71. The maximum intensity of Curve b is of the same grade as the maximum intensity 

) 
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irve a, and epsilon at that time (epsilon 1) is increasing to 15 (5 micrometers of wire sizes, 99.999988% of 
ing ratio). The aforementioned annealing was performed by passing the inside of the annealing furnace with a 
h of 2m which made the interior 700-degree C inert gas atmosphere between ** the speed for 200m/. the tensile 
gth after annealing — 985N/mm2 it is — this intensity is intensity by which epsilon (epsilon 2) of Curve a is 
'alent to 6, and a distortion elimination factor is 31%= [(epsilon l-epsilon2 )/epsilonl xlOO] The aforementioned 
e-strength 985N/mm2 When it applies to the static annealing softening property of drawing 5 , annealing between 
** is equivalent to static annealing of 300 degree-Cx 1 hour, and is under a recrystallizing temperature. In 
ion, processing distortion epsilon of the material of Curve a of aforementioned drawing 5 is the static annealing 
ning property of the I point (wire-size 193micrometer, 99.98% of working ratio, tensile strength 1070N/mm2) of 
Thus, by putting in annealing at the temperature of under a recrystallizing temperature in the middle of cold 
ing, high intensity can be maintained and total working ratio can be raised. Therefore, a more nearly super-thin 
uctor is obtained, or the diameter of a material (ingot) can be enlarged, and productivity improves, the conductor 
h puts in annealing — size (path) — the wire drawing to the diameter of a target after annealing — a conductor — it 
sirable to select so that intensity may turn into the highest intensity in front of a working limit Since the 
mentioned annealing is performed at the low temperature of under a recrystallizing temperature, it is advantageous 
ergy. You may perform the aforementioned annealing repeatedly two or more times. Moreover, the direction 
»rmed with in-line is excellent in productivity rather than it carries out with outline. An effect with the same said of 
i annealing is acquired. 

5] Curve c is a work-hardening property when epsilon (epsilon 1) anneals the material of Curve a at an elevated 
erature (temperature more than a recrystallizing temperature) comparatively by the I point of 8.71. For the material 
irve c, epsilon is 16.5 (4 micrometers of wire sizes, 99.999993% of working ratio). It has disconnected and the 
cing strength is quite [ material / of Curves a and b ] a low. The material of this curve c has [ that it is easy to 
mnect intensity with an automatic winding machine for a low reason ] bad coiling nature. Although wire drawing 
e material of this curve c was carried out several times using various wire drawing machines, each disconnected it 
re and after 4 micrometers. That is, 4 micrometers is a wire drawing limitation. Whatever the material, the 
uctor of a wire drawing limitation should avoid use. Annealing of the material of Curve c was performed by 
ng the inside of the annealing furnace with a length of 2m which made the interior 1000-degree C inert gas 
•sphere between ** the speed for 150m/. the tensile strength after annealing - 420N/mm2 it is - this intensity is 
citensity by which epsilon (epsilon 2) of Curve a is equivalent to 0.1, and a distortion elimination factor is 99%= 
;ilonl-epsilon2 )/epsilonl xlOO] The aforementioned tensile strength 420N/mm2 When it applies to drawing 5 , 
aling between ****** is equivalent to static annealing of 500 degree-Cx 1 hour. It was checked that 
'stallization is completed by microstructure observation. 
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mple] An example explains this invention in detail below. 

mple 1) various carries out amount combination of Ag within this invention convention at electrolytic copper, this 
>oted with a graphite crucible, it casts in metal mold to the ingot of the diameter of 10mm, and the diameter of 20 
ometer is super-thin in this ingot - wire drawing (99.9996% of working ratio) was carried out to the conductor it 
obtained - each - super-thin - the relation of tensile strength (TS), conductivity (EC), wire drawing nature, coil 
re, and wire drawing nature and coil nature was investigated about the conductor similarly super-thin [ about the 
^g alloy and oxygen free copper of composition this invention convention outside ] because of comparison — the 
luctor was manufactured and the same investigation was conducted A result is shown in the drawing 6 (b) - a (e). 
relation between tensile strength and Ag content was shown in the drawing 6 (b). The example article of this 
ntion which contains Ag 1 to 4.5% is 2 940-1 150Ns/mm. It turns out that it is high intensity. As for tensile 
igth, Ag falls rapidly at less than 1%. The relation between conductivity and Ag content was shown in the drawing 
). It turns out that the example article of this invention which contains Ag 1 to 4.5% has the high conductivity of 
S 88.5 to 81.5%. If Ag exceeds 4.5%, conductivity will fall under to a specification value (81.5%). The relation 
^een the wire drawing nature (the amount of wire drawings per one open circuit) when carrying out a wire drawing 
e drawing 6 (**) from 25 micrometers at 20 micrometers and Ag content was shown. It turns out that the example 
le of this invention which contains Ag 1 to 4.5% has the high wire drawing nature of 1800 - 2500 g/Br. at less than 
the diameter of Ag of 20 micrometer is super-thin - the wire drawing nature of 1800 g/Br required for the 24-hour 
inuation wire drawing of a conductor is not guaranteed The rapid fall of wire drawing nature whose Ag the 
rovement in the wire drawing nature in 1 - 3% is an effect by alloying, and exceeds 4.5% is based on the 
jarance of an eutectic structure. The relation between coil nature and Ag content was shown in the drawing 6 (d). 
diameter of 20 micrometer of coil nature which carried out enamel covering is super-thin - it expressed with the 
iber of times of an open circuit when carrying out coiling of the conductor with a manual winding machine or an 
>matic winding machine, and producing the 100 magnetic heads There is [ in an automatic winding machine / in a 
mal winding machine ] all little number of times of an open circuit of the example of this invention which contains 
1 to 4.5% 4 or less times at 1 or less time. Especially desirable Ag content seen from coil nature is 1.5- 4%. They 
wire drawing nature (the amount of wire drawings per one open circuit), and coil nature (number of times of an 
n circuit under 100 coil production) to the drawing 6 (**). The relation was shown. The conductor which is 
silent in wire drawing nature is excellent also in coil nature, this invention which consists of the drawing 6 (b) - a 
:o a Cu-1 - 4.5%Ag alloy is super-thin - a conductor - the high conductivity more than 80%IACS it is - 950- 
0N/mm2 It has high intensity and it turns out that it moreover excels in wire drawing nature and coil nature. 
18] (Example 2) wire drawing of the four following sorts of materials (Cu-2%Ag alloy) is carried out, and the 
neter of 25 micrometer is super-thin - it considered as the conductor, the continuation wire drawing of this was 
led out the speed for 400m/(67 g/hr) to the diameter of 20 micrometer, and total wire drawing time until it results in 
>pen circuit was investigated Moreover, the path of the foreign matter extracted in the foreign matter or acid 
ition process which remained in the fracture surface was measured by SEM observation. Both relation is shown in 
^j ng 7 . The continuation wire drawing of the three every bobbins each of the total wire drawing time was carried 

and it measured continuation wire drawing time until the 1st open circuit occurs for every bobbin, and made the 
l total total wire drawing time. For example, total wire drawing time when the 1st bobbin is disconnected 5 hours 
x the 2nd bobbin is disconnected 3 hours after and the 3rd bobbin is disconnected 4 hours after was made into 12 

rs. Since the wire drawing time of one bobbin (the 2500g of the maximum ****) is 37 hours, the greatest total wire 
vving time is 1 1 1 hours, moreover, the aforementioned acid solution process is super-thin - it is the method of 
ipling lOOg of conductors each from each five per one bobbin, and melting, filtering and extracting this in an acid A 
:erial is the following four sorts. ** the rough drawing wire of 8mmphi manufactured by the SCR method, the 
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extruded material of lOfnmphi manufactured by ** vertical-mold continuous casting and the extrusion method, and * 
- the ingot of lOmmphi usually cast using the small horizontal-type continuous casting equipment of a maintenance, 
and ** - the ingot (example of this invention) of lOmmphi which cast the molten metal which removed the foreign 
matter enough using small horizontal -type continuous casting equipment in the special molten metal treatment From 
drawing 7 , total wire drawing time becomes so long that a foreign matter is small, ** material 10 micrometers or less 
has the longest diameter of a foreign matter, and, as for ** to which the diameter of a foreign matter exceeds 10 
micrometers - ** material, wire drawing nature is short sharply. Although the aforementioned example explained the 
Cu-2%Ag alloy, this invention is applied to a Cu-1 - 4.5%Ag alloy, and the same effect is acquired. 
[0019] it rolled round in the bobbin (the diameter of 20 micrometer, the 2500g of the maximum ****) of the 
aforementioned ** - super-thin - although coiling of the conductor (Cu-2%Ag alloy) was carried out with the 
automatic winding machine, the open circuit did not occur at all 

[0020] it rolled round in the bobbin (the diameter of 20 micrometer, the 2500g of the maximum ****) of the 
aforementioned ** - super-thin - the continuation wire drawing of the conductor was carried out to the diameter of 1 
more micrometer, the foreign matter was extracted by the acid solution process like the above-mentioned from the 
rolled-round bobbin, and the diameter of a foreign matter was measured by SEM observation Each diameter of a 
foreign matter was 10 micrometers or less. 

[0021] (Example 3) 2% or the copper alloy included 4% is ingoted for Ag, and a foreign matter is sedimented or riser 
to surface - making - the molten metal of an interstitial segment - small horizontal-type continuous casting 
equipment - the ingot of the diameter of 10mm - continuous casting - carrying out - this - 50-15 micrometers -- 
super-thin — wire drawing was carried out to the conductor The temperature gradient of the mold in the aforemention 
continuous casting was carried out [ cm ] in 100 degrees C /. The cast structure of the aforementioned ingot is detaile< 
DAS and Ag crystallization object are 15 micrometers or less, and Ag crystallization object was distributed uniform!) 
the ingot which carried out [ cm ] the temperature gradient of mold in 50 degrees C /or less, and carried out continuot 
casting for comparison - the same - 50-15 micrometers - super-thin - wire drawing was carried out to the conducto 
This ingot had the comparatively coarse cast structure, and DAS and Ag crystallization object are 18 micrometers or 
more, and were distributing Ag crystallization object unevenly, it was obtained - each - super-thin - wire drawing 
nature (g/Br), tensile strength (TS), and conductivity (EC) were investigated about the conductor A result is shown in 
Table 1. In addition, wire drawing nature is a value when carrying out a continuation wire drawing to 190->50 
micrometers, 50->32 micrometers, 32->25 micrometers, 25->20 micrometers, and 20->15 micrometers, respectively. 
[0022] 

[Table 1] 





mm** 
tux** 


x Cu-2XAg 
15^DAS,Agfttfl«b 


y Cn-4XAg 
15SDAS.AgStH4fe 


z Cu-2XAg 
18^DAS, 
AgfttHtt 


Aim 




TS/EC 




TS/BC 


5 0 


99.99750 


>5000 


1045/85.10 


>5000 


1095/82.35 


4706 


3 2 


99.99897 


)5000 


1075/85.06 


>5000 


1125/82. 27 


4451 


2 5 


99.99937 


3510 


1090/85.00 


3360 


1140/82.15 


1890 


2 0 


99. 99960 


2450 


1095/84.96 


2347 


U50/82.11 


730 


1 5 


99. 99977 


2275 


1105/84. 85 


2153 


1155/81.95 


410 



(Note) Wire drawing nature g/Br, TS(tensile strength)N/mm2, EC(conductivity) %IACS. 
[0023] the cast structure was obtained from the detailed ingot so that more clearly than Table 1 super-thin - 
Conductor x and y were obtained from the ingot with the aforementioned comparatively coarse cast structure - supei 
thin - a conductor - wire drawing nature was superior to z In addition, the main causes that the wire drawing nature 
z is bad at 25 micrometers or less are because casting conditions' being unsuitable and the external quality of a wire r 
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bad. Although Ag was explained about 2% or the copper alloy included 4% above, also in Ag alloy, the same 

: is acquired Cu-1 to 4.5%. . . 

11 (Example 4) the Cu-2%Ag alloy of the diameter of 20 micrometer manufactured in the example 3 -- the enamel 

covered to Conductor x and z and the high-pressure uniformity test estimated the insulating property A high- 

ure uniformity test is an examination which impresses voltage between the enameled wire it runs, and an electrode 

and detects the poor insulation of an enameled wire by generating of a spark. The test condition was set to a part 

avel-speed/of 5m of an enameled wire, and applied-voltage 500V. The examination number made the enameled 

with a length of 30m 30. The insulating property was expressed with the average spark occurrences per one. A 

t is shown in Table 2. 

5] 



mm 


6 ixm 


5 iim 


4 um 


3 txm 


2 tim 




L<Dx 


0 


0 


0 


0 


0. 1 


t8tfi9 


L(Dz 


0 


0. 0 3 


0. 1 


0. 7 


1. 4 





e) For *DAS and Ag crystallization object, 15 micrometers or less and Ag crystallization object are uniform 

ibution. ...... j„u *• 

DAS and Ag crystallization object, 18 micrometers or more and Ag crystallization object are uneven distribution. 
6] super-thin - insulating effect with Conductor x sufficient by the patent leather film thickness of 3 micrometers 
acquired since this is a cast structure with the used detailed ingot - a conductor - it is because the surface 
javo-convex defect decreased super-thin - a conductor - since the used ingot was a comparatively coarse cast 
;ture z needed the patent leather film thickness of 6 micrometers or more to acquire sufficient insulating effect 
'71 the above - super-thin - it carried out 100 each at a time coiling of Conductor x and the enamel covered wire of 
the magnetic head for floppy disks with the automatic winding machine, and the number of times of an open circuit 
iat time was investigated A result is shown in Table 3. 
18] 
5le3] 



urns 


6 um 


5 (im 


4 (ira 


3 um 


2 Aim 




:l©x 


0 


0 


0 


0 


0 




:l©z 


0 


0 


1 


2 


2 





>te) For *DAS and Ag crystallization object, 15 micrometers or less and Ag crystallization object are uniform 

DAS°and Ag crystallization object, 18 micrometers or more and Ag crystallization object are uneven distribution. 
291 super-thin so that more clearly than Table 3 - although Conductor x was not disconnected, it is super-thin - a 
ductor - the open circuit generated z in part DAS and Ag crystallization object are large and it is [ the distribution 
Vg crystallization object of this is uneven, and ] super-thin again - it is because the ductility of a conductor ran short 

30] (Example 5) the work-hardening curve b of the copper alloy cylindrical ingot of the diameter of 15mm which 
itains Ag shown in drawing 4 3%, and the work-hardening curve c (example of comparison) are super-thin - the 
sile strength (TS) of a conductor (37-8.3 micrometers) was investigated moreover - each - super-thin - the enamel 
5 covered to the conductor at 3-micrometer thickness, and the number of times of an open circuit when carrying out 
ling of this enamel covered wire with an automatic winding machine was investigated A result is shown in Table 4. 

31] 
ble 4] 
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3 7 


2 2 


1 4 


8. 3 


i 


12. 0 


13.0 


14. 0 


15.0 


^msm % 


99.999391 


99.999784 


99.999912 


99. 999969 


TS 
H/d* 




10 8 0 


1115 


114 0 


115 0 


ft»c 


8 7 5 


9 3 0 


9 8 4 


10 10 






0 


0 


0 


0 




1 


2 


2 


3 



[0032] the example of this invention is super-thin so that more clearly than Table 4 - the example of comparison of z 
conductor (curve b) is super-thin - a conductor (curve c) - tensile strength - which conductor - also in the path, it 
was high the example of comparison is super-thin - for the low reason, the open circuit produced [ tensile strength ] ■ 
conductor at the time of coiling in an automatic winding machine Although the copper alloy which contains Ag 3% 
above was explained, the same effect is acquired even if it applies to the other Cu-1 - 4.5%Ag alloy. 



[Translation done.] 
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3TICES * 



in Patent. Office is not: responsible for any 
iges caused by the use of this translation. 

lis document has been translated by computer. So the translation may not reflect the original precisely. 
** shows the word which can not be translated, 
the drawings, any words are not translated. 



1CRIPTION OF DRAWINGS 



if Description of the Drawings] 

wing 1] the diameter of a foreign matter about wire drawing nature, and a conductor — it is drawing showing the 
ion of a path 

wing 2] It is drawing showing the relation between wire drawing nature and a foreign matter space factor. 
wing 3] It is drawing showing the relation between DAS and the diameter of an ingot. 

wing 4] It is drawing showing the relation between tensile strength and processing distortion (work-hardening 
erty). 

wing 5] It is drawing showing the relation between tensile strength and an annealing temperature (annealing 
;ning property). 

wing 6] the object for the coils of this invention — super-thin - Ag content in a conductor, and tensile strength A 
nd conductivity A (b) and wire drawing nature A (c) and coil nature A relation with a (d), and relation between 
drawing nature and coil nature a (e) is shown — it is each explanatory drawing 

wing 7] the diameter of 20 micrometer is super-thin — it is drawing showing the relation of the wire drawing nature 
the diameter of a foreign matter in a conductor 



nslation done.] 
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Abstract 



PROBLEM TO BE SOLVED: To provide a conductor excellent in electric conductivity, tensile strength, 
drawability and coilability by containing foreign matters of specified diameters in a super-fine conductor 
containing Ag of a specified ratio, and the balance Cu with inevitable impurities. 

SOLUT10N:^;^^^^^:i^bontained. and the diameter d ( u m) of foreign matters is expressed by the 
formula d=0.63D+0.13. where D is the diameter (u m) of a super-fine conductor. In a manufacturing method of 
the super-fine conductor in which a copper alloy cast ingot preferably conUining^iggj^ 

with inevitable impurities is cold rolled, the cast ingot is cold rolled with the working ratio of99%91% sotKat'"" ^ 
the dendrite arm space of the casting structure is 1 5 ji m, and Ag crystal is uniformly dispersed with the 
diameter of 15 U m. or annealed at the temperature below the re- crystallization temperature during the cold 
rolling. The total working ratio can be increased to provide a super-fine conductor and to increase the size of a 
stock material. 
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